Objective: This research aimed to evaluate the effect of fractionation of Merremia mammosa Lour. (Mm (Lour.)) extract on diabetic wound healing by observing the collagen synthesis process and to search the most potent fraction.
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INTRODUCTION
Diabetes Mellitus (DM) is a chronic metabolic disease caused by the insufficient production of insulin in the pancreas or the inability of the body to effectively use insulin produced. According to the International Diabetes Federation (IDF) [1] , there were 382 million people living with DM in the world by 2013 and it is estimated that this number will increase to 592 million people by 2035. As many as 25% of DM patients suffer from diabetic wounds and 85% of them experienced amputation [2] . Healing of diabetes wounds takes longer than normal wounds due to the disruption of the entire wound healing process. Therefore, proper treatment is needed. Treatment of diabetic foot commonly relies on gentamicin topical antibiotics. However, gentamicin causes side effects which can cause skin irritation, redness, allergies, and edema [3, 4] .
Merremia mammosa (Lour.) (Mm (Lour.)) contains tannin (as antibacterial) and flavonoids (as an anti-inflammatory and antioxidant) which can inhibit bacterial growth, trigger macrophages to produce growth factors, neutralize free radicals, accelerate the inflammatory phase, trigger cell proliferation, and increase collagen synthesis which plays a role in wound closure [5, 6] . In our previous investigation [5] [6] [7] the extract used was ethanol. The investigation showed positive results on the percentage of healing and the number of fibroblasts in diabetic wounds. However, the extract did not only contain active ingredients but was still mixed with inactive components which can reduce the effectiveness of the extract. Therefore, it is necessary to do a separation to isolate multilevel compounds namely by fractionation [8] .
Fractionation of Mm (Lour.) ethanol extract was conducted by using three different types of solvents based on polarity, namely water, ethyl acetate, and n-hexane by looking at the microscopic effect of the density of collagen formed. Collagen density examination was chosen because collagen plays an important role in the wound healing process, among others, the role in hemostasis, interaction with platelets, interaction with fibronectin, increasing cellular components, increasing growth factors, and promoting fibroplasias and epidermal proliferation. However, the formation of collagen tissue in the DM condition becomes obstructed which causes wound to be difficult to heal [9] [10] [11] . Therefore, based on this, in the present study, we examine the effect of extract fraction of Mm (Lour.) on diabetic wound healing by evaluating the collagen density.
MATERIALS AND METHODS
Chemicals and reagents
Chemicals i.e. ethanol, n-hexane, ethyl acetate, chloroform, ether, and reagents i.e. gallic acid and xylol were purchased from Merck [Indonesia] . Other chemicals such as ketamine HCl and xylazine were purchased from Guardian Pharmatama [Indonesia] and Interchemie Werken [imported from Holland]. From Sigma-Aldrich [Indonesia], Trichrome Stains, citrate buffer solution and Streptozotocin (STZ) were purchased. All other chemicals and reagents used for the analysis were analytical grade. Distilled water (aquadest) was used throughout the investigation.
Animal model
This study used 25 male albino wistar rats in early adulthood weighing between 150-200 g and each was kept in an individual cage with a standard feed of ad libitum food and water. The rats were obtained from CV. Gamma Scientific Biolab, Malang, Indonesia. They were divided into 5 groups with 5 rats in each group (n=5), i.e., Digital Repository Universitas Jember K+(positive control group with gentamicin administration), K-(negative control group with aquadest administration), K1 (ethyl acetate fraction), K2 (water fraction), and K3 (n-hexane fraction). The rats were adapted for 7 d, then induced into DM by injecting STZ in citrate buffer solution intraperitoneal each at 40 mg/kg body weight (kgBW) dose and was given access to drink 10% dextrose for 24 h [12] . Rats with non-fasting blood glucoses less than 200 mg/dL on day 5 after STZ induction were excluded. Glucose examination was done once a week to ensure the diabetic condition.
Wound excision
Diabetic wounds were made by Morton excision techniques [13] . Rats were given a combination of ketamine at 50 mg/KgBW dose and xylazine at 10 ml/KgBW dose intramuscularly. Particular skin area was shaved and the skin of impressed area was excised to the fullthickness to obtain a rectangle wound area of about 25x25 mm. Measurement of the wound area to determine the percentage of wound healing [14] and administration of 25 mg dose of each fractions were carried out every other day once a day after the wound was given.
This study followed the standard of ethics of Health Law research number 23/1992 and has obtained ethical approval number 1175/H25.1.11/KE/2017 from the Medical Faculty, University of Jember. The type of research used in this research was in vivo true experimental laboratories with the research design used was posttest only control group design.
Formulation of the fraction of Mm (Lour.) extract
The plant material, Mm (Lour.), was collected July 2017 from Klaten, Central Java Province, Indonesia. It is identified and deposited by Herbarium Jemberiense, Biology Department, Mathematic and Natural Science Faculty, University of Jember (84/HB/7/2017). The viscous ethanol extract of Mm (Lour.) was fractionated with three different polarity types of solvents, i.e. water, ethyl acetate and nhexane [8] . 50 grams of the viscous extract was added to 100 ml of water and stirred until homogeneous. This water fraction was separated subsequently in a successive partition using n-hexane and ethyl acetate with a ratio of 2:3, repeated three times. The partition was evaporated with rotavapor to get n-hexane and ethyl acetate fraction. The water fraction was concentrated with freeze dryer until viscous fraction was obtained.
Histopathology parameter
The observation of collagen density was carried out on day 11 (n=5 per group) by taking pictures of histopathological preparations of Trichome Masson's staining with Olympus DP21 series microscope with 400x magnification each in 6 visual fields then processed by using imageJ software (data represented in percentage as mean±SEM). Statistical tests were performed with the One Way Anova test or Kruskal Wallis test and were continued with Post Hoc Tukey or Mann-Withney [15, 16] . fig. 1 (A) and 2, there was an increase in the wound healing percentage, the largest percentage of healing occurred in K2 (the group of water fractions), followed by K+(gentamicin group). The lowest percentage of wound healing occurred in K-(aquadest group). Percentage difference of wound healing occurred from day 1 to day 11. The highest percentage of wound healing on day 1 was the K3 (33.73±4.4%) and on day 3 was K+(50.46±6.3%). The top percentage of healing on day 5, 7, 9, and 11 were K2 with the percentage of 68.73±2.7%, 81.31±1.8%, 90.08±2.3% and 93.4±1.3%. 
RESULTS
Based on
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The results of the wound healing percentage analysis were not significant on days 1, 3, 5 (One Way Anova test) and 7, 9 (Kruskal Wallis test). However, on the day 11, there were significant results (p<0.05; One Way Anova test) in the negative group compared with the positive groups, water fraction, and n-hexane fraction (p=0.008; p=0.003; p=0.014; Post Hoc Turkey test), with each n=5. Then followed by using post hoc, there was also no significant (p>0.05) or there was no meaningful difference in the group of fractions when compared with the positive groups.
The order of collagen density average measured with ImageJ software ( fig. 1(B) ) from low to high was K-(40.59±2.4%), K1 (48.21±2.4%), K+(55.94±1.7%), K3 (63.01±2.1%) and K2 (70.02±1.0%). The collagen density analysis showed significant results (p=0.000) when compared among groups by One Way Anova test. Tukey's post hoc test showed significant results (p=0.000; p=0.000; p=0.000) of the group given gentamicin, water fraction, and n-hexane fraction compared to the group given aquadest, with each n=5. The group given the water fraction had no significant difference (p=0.989) to the group that was given gentamicin. The water fraction group also showed no significant difference (p=0.949) to the n-hexane fraction group. While the group given the ethyl acetate fraction showed a non-significant difference (p=0.095) to the group given aquadest. Fig. 3 shows collagen deposit (distinguished from others by blue color) observed in Masson's trichome staining. The collagen density was very low in the control group and ethyl acetate fraction group but the gentamicin group as control positive and other treated groups showed moderate and high collagen density. Loose collagenous matrix was found in the control group and ethyl acetate fraction group whereas in gentamicin group and other treated groups more compact and matured collagen deposit was observed. This result was similar to Kirubandanan et al. research observation of collagen deposit on day 12 of healing [17] . 
DISCUSSION
There were significant results in the percentage of day 11 wound healing and collagen density ( fig. 1, 2 and 3 ). This showed that there was an effect of fractionation of Mm (Lour.) on the healing of diabetic wounds both macroscopically (wound area) and microscopic (collagen density). The administration of aquadest in the negative group showed the lowest percentage of wound healing and collagen density. This may occur because aquadest does not contain any other substances than H2O. Therefore, it only functioned to clean wounds from foreign objects attached to the wound [18] . Gentamicin administration had lower effect on collagen density than the water fraction and n-hexane fraction. This may occur because gentamicin contains the active ingredient of Gentamicin sulfate which was intended as an antibacterial. Whereas the pathophysiology of the occurrence of diabetic wounds is not only due to the occurrence of infection but also due to complications of neuropathy and blood vessel abnormalities in patients with DM. These complications cause disturbances in immune cell function, ineffective inflammatory response, endothelial cell dysfunction, neovascularization disorders, decreased collagen synthesis, worsening of epithelialization, decreased angiogenesis process and the inability of fibroblasts to form a maximum extracellular matrix [19] .
This study showed that water fraction obtained the highest percentage of wound healing and collagen density compared to other treatment groups. There was a significant difference between the administration of water fraction and the administration of gentamicin or ethyl acetate fraction. This may occur because the water reaction has a higher antioxidant activity than the ethyl and n-hexane fractions. The water fraction uses a polar solvent that can dissolve the flavonoids which are glycosidic and polyphenol groups and tannin substances which are higher than other fractions. Hence, due to the reason above, the administration of water fraction showed more optimal results in wound healing [20, 21] . The use of water as a solvent has dissolved vitamin C. Therefore, it contained vitamin C while the other fractions did not. Vitamin C is one of the enzyme cofactors in the process of forming protocollagen in the lysine and proline hydroxy stages. The protocol will become procollagen. Procollagen will become tropocollagen. Tropocollagen will divide into filaments and filament will become fibril. Fibrils will join to form fibers or collagen fibers. This was one of the causes that collagen density in the water fraction group showed a higher density than the other groups.
The result also showed that n-hexane fraction collagen density was lower than the water faction group. This may occur because the content of antioxidants and flavonoids in this group was less than in the type of solvent at other polarity levels [22, 23] . The group administered with ethyl acetate showed the lowest percentage of wound healing and collagen density among the fraction groups even when compared to the group administered with aquadest, it showed a non-significant difference. This is probably because ethyl acetate fraction has more toxic properties than the n-hexane and water fractions. Therefore, its pharmacological effects of wound healing were lower than the toxic effects produced [24, 25] .
Although this study covered different groups of solvents, it did not include variations in doses of the fraction. Therefore, it did not measure the effective doses. In addition, this did not use carrier material as a mixture of the fractions. Therefore, further research shall include varying dosages to determine the effective dose and toxicity of the Mm (Lour.) and use carrier material as a mixture of fractions to make therapy to be more effective.
CONCLUSION
Based on the results obtained, it can be concluded that some fractionation of Mm (Lour.) extract had an effect on diabetic wound healing. Water fraction and n-hexane enhanced healing. Meanwhile, the ethyl acetate fraction showed no effect in the healing process. The most effective fraction, water fraction, is potential to be developed further as a topical drug.
